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The lor@tudinal and lateral s t a b i l i t y  characteristics of e 
boo swept-wing fighter  nodel  with and without  horizontal tails of 0' 

and 22L negative  dihedral  are  presented  for Mach numbers fro= 0.80 t o  

1.05 for a razzge of sngles of at tack and sideslcp.  

0 
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Y e  r e su l t s  cf the  investigation  indicate tht the horizontal  tai l  
with  Eegative  dihedral  reduced  the  lift-coefficient and pitching-momeEt 
ralge over which longi tudinal   instebi l i ty  existed fo r   t he  model equisped 
with r. horizontal t a i l  without  dihedral. IE addition, the s t a b i l i t y  
contribution of the  horizoEtal t a i l  with  negative  dihedral  to  the  over- 
a l l  longi tudina l   s tab i l i ty  of the model was s tab i l iz ing  for a l l  test 
conditions,  vhereas that of the  horizontal  tai l  without  dihedral WES 
destebil izing a t  the high l i f t  coefficients.  

The horizontal t a i l  with  negative  dihedral  increased  the  directional- 
s t a b i l i t y  paremeter Cng acd slightly  decreesed  the  effective  dihedral  
parameter czp. 

INTRODUCTION 

The longitGdina1  instabil i ty thzt OCCUTS f o r  some swept-wing air- 
planes  osereting at high lift coefficients has been found t o   r e s u l t  from 
flow sesa ra t im  on the wing or improger location of the  horizontal  taLl 
or e combination  of both  conditions. Consequently, the  use of various 
wing f ixes  'ms been  stutiied i n  En attempt t o   a l l e v i a t e  wing-flow 
separation. The r e su l t s  of sone  of these  s tudies   are  s-rized i n  
reTerence 1. Studies of horizontal-tail  location,  such as references 1 
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and 2, have shown that the  longi tu&inal   s tabi l i ty  of a model can be 
a l te red  by the  ver t ical   locat ion of the  horizontal ta i l  because of the 
variation of the downwash throughout  the  flow field behind  the w i n g .  

The analysis  in  reference 2 of the flow in   t he   v i c in i ty  of the 
horizor?tal-tail  location behfnd a sweptback wing indicated that at high 
angles of a t tack the variatiog of downwash with  argle of attack  over  the 
oLter  sections of the  t a i l  span was such that the t a i l  contribution  to 
the  longi tudinal   s tabi l i ty  was favorable  for  the  posit ion below the 
extended wing-chord plane  and  destabilizing  for  the  positions above the 
exteguied wing-chord plane. It should be possible  therefore,  in  cases 
where a low t a i l  location is impractical, t o  incorporate some of the 
adventages of a low t a i l  by mounting the t a i l  i n  a higher  position and 
incorporating  negative  dihedral. 

D u r i n g  a recent low-speed invest igat ion  in   the Langley 19-foot 
pressure  tunnel, of a swept-wing f igh ter  model equiFped with wir?g fences 
and a mdified leading edge outboard of the fences, it was found that 
longitudinal  instabil i ty  occurred a t  high l i f t  coefficients.  Various 
horizontal- ta i l  arrangements were tried t o  Frrrprove the   s tab i l i ty .  One 
arrangement consisted of se t t ing  the horizontal tail with 22O of negative 
dihedral which gave some improvement i n   s t a b i l i t y   i n   t h e  high l i f t  range. 

However, it was of i n t e r e s t   t o  determine  the  effects of a horizontal 
tei l  w i t h  negetive  dihedral on the   s tab i l i ty   charac te r i s t ics  of the model 
at transonic  speeds.  Therefore, a s t d y  w a s  made of a similar swept-wing 
f ighter   a i rplane model w i t h  w i n g  fixes i n  the Langley 16-foot  transonic 
turmel t o  determine the effect  on the  longitudinal and lateral s t a b i l i t y  

character is t ics  of a 403 swept horizontal tai l  s e t  w i t h  2* of negative 

aihedral .  The data fo r   t he  model without a horizontal   ta i l ,   wi th  a 
straight  horizontal  tail, and with a negative-dihedral  horizontal t a i l  
are ?resented  in this paper f o r  a Mach nmker  range from 0.80 t o  1.05 
and f o r  a range of angies of a t tack  and  of s idesl ip .  

. 
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SYMBOLS 

All moments are teken  about  the  stabil i ty axis originating  in  the 
plane of s p n e t r y  at 0.21~' (see  f ig .  1) . 
b wing spa9, f t  

CD 
f l  

- .. 

"Di  
Fnt ernal dzag coefficient , Internal  drag 

qs, 
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CL l i T t  coefficieot, - 
9 S W  

Lift 

roll iq-nonent  coefficient,  Rolling monent 
G W b  

cm pitching-maent  coefficient, 
Pitchine; mmat 

G W E W  

yawing-Eomen% coefficient,  YEwing  moment 
c11 

@Wb 

lateral-force  coefficient,  h t e r a l  force 
CY 

@W 

acn 
a p  

- - per deg - 

l oca l  chord, fi; 

ne= aerodynamic chord, ;Jbi2 czay, ft 

t a i l  length of 0 . 2 1 E  of w i n g  t o  0.2% of horizontal  t a i l  

Mach run'oer 

mss-flow ratio, A c t u a l  mss flow 
Ideal  mass flaw 

area, sq ft 

free-streem QmGslic gressure, Ib/sq ft 

spznwise &istame from plane  of symnetry, ft 

m e  of attack neasured from fusehge  reference,  deg 

sideslip  angle, deg 
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7 horizontal- ta i l   s tabLli ty  parameter, 

Sw'w b,' isolated 
Subscripts : 

t horizontal t a i l  

w wing 

MODEL AND TESTS 

Model 

The geaeral arrangement of the  swept-wing f ighter  model i s  shown i n  
figxre 2. Two 3orizontal tails with  different  dihedral angles were inves- 
tigEted. For the sake of convenience, the  t a i l  having 00 of diheikal w i l l  
hereinafter be referred t o  as the  plane tail ,  wherees the one with 

-22F of dihedral '$ill be re fer red   to  as the Orooped tail .  For the   t e s t s  
of the model with the drooped tail,  the  plane t a i l  was replaced by one 
which 'had each  panel of the plane ta i l  rotated down about the  root  section 
through 2 2  (dash& in   f i g .   2 (a )  ) . This  effectively  decreased  the  pro- 

jected span of the  horizontal tail.  The root chord l i n e  of both the plane 
and drooped tails was located  ver t ical ly  5.3 inches above the  fuselage 
reference  l ine and had NACA 64AOOg constant chord sections normal t o   t he  
40° swept leading edge. 

J 

lo 
a 

0 

2 

The geometry  of the w i n g  was p1s follows:  aspect  ratio, 3.43; taper 
r a t io ,  0.578; quarter-chord-line sweep, 40°; and a i r fo i l   s ec t i an  noma1 t o  
t'ne qukrter chord, NACA 6kA010. The incidence of the  wing -is 1.50 with 
respect t o  the fuselage  reference  line. 

The wing included  modific&tions t o  inprove  the  flow  characteristics. 
(See f i g .  2(b) .) Two fences were iocated on each wing panel and extended 
around the leading edge t o   t h e  lower surface. The leading-edge modifi- 
cation which extended fron  the  outernost  fence, 0.675b/2, t o  t h e   t i p  of 
the wing was characterized by a doubling of  the leading-edge  radius. The 
center of the  increased  leading-edge  radius was located s o  that the  cmber 
w a s  effectively  increased. 

The  wing in l e t s  were ducted to  expel air around the   s t ing  through 
the t a i l  pise. 



N4CA RM L55120 - 5 

Photographs of the model  mounted  on the   s t ing   in   the   tunnel   a re  
shown in   f igure 3.  

Tests 

The t e s t s  were conducted in the Langley  16-foot  transonic  tunnel 
which is  described  in  reference 3 .  The  Mach  number range was from 0.80 
t o  1.05 which corresponded t o  a Reynolds number range from about 

5.1 x 10 t o  5.4 x 10 based on the wing mean aerodyramic  chord. The 
angles of a t tack and s i ces l ip  a t  which each  corSiguration was t es ted  
were as follows: 

6 6 

, 
Configuration P, deg a, deg 

Model with  plane t a i l  0 -2 t o  16 
-2 t o  16 

-5 -2 to 16 
5 

0 -5 to 5 

Model with drooped teil 

0 -2 t o  16 Model without  horizontal t a i l  

5 -2 t o  16 
0 -2 t o  16 

The hor i zon ta l   t a i l  was s e t   a t  0' incidence f o r  a l l  tests. 

The forces and moments were measured by a six-component- s t ra in-  
gage balance mounted internal ly  t o  the model and a t tached   to   the  
sting-support  system which allows  the -le of a t t a c k   t o  be changed 
without  apgreciably changing the model locat ion  in   the  tunnel .  
A description of the  sting-support  systen is given in  reference 4. 

DATA REDUCTION 

A l l  the  drag h t a  h v e  been corrected by adjusting  the  base  pressure 
t o  free-stream  static  pressure and by subtracting  the  internal  drag. T h e  
internal  drag was determi?zed as suggested in  reference 5. The mean stag- 
nation  pressure Over the  exi t   area w a s  obtsined by weighing eight  indi- 
vidual  total-pressure  tubes  according  to  the  percentsge of the t o t a l  e x i t  
area that each  tube  represented and suming the results. 
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The rass-flow  ratio m/mo presented ir, figure 4 against angle of 
a t tack for a Mach  number of 0.98 remained at about 0.72 and was typical 
of the v&rLations of the rass flow vith angle of a t tack   for  all the 
Mach nmbers  tested.  Typical  internal  drag d&ta are y e s e n t e d   i n   f i g w e  5 
against  angle of attack  for  three  representative Mach numbers. 

Longitzdinal  Stsbll i ty  Clhracterist ics 

The variation of  lift coef'ficieGt wit3 angle of a t tack  for  a range 
cf Mach numbers i s  gresented  in figllre 6 fo r  the model wi th  the  plane 
tail ,  wit'n the drooped tail ,  and for   tke model without a horizontal tail.  
The slope of the l i f t  c w e s   f o r  each of the  configurations  decreased a t  
aboGt CL of 0.6 f o r  Mach nunbers  Less than 1.00. For the  supersonlc 
Mach numbers, the  lift-curve  sloFe  decreased &t the  higher  values  of lift 
coefficient.  The l if t-curve  slope was reduced s l igh t ly  by drooping the 
horizontal tail.  

The variation of gitching-moKent coefficient w i t h  lift coefficient 
i.s presented  in  f igure 7. The  pitching-moxent  curve for  the  plsne t a i l  
was included on t:le pitching-moment plots  of both  the drooped t a i l  and 
horizontal  tail-oTf  configurations  for comparison. The l i f t  coefficient 
a t  xhich the longi tuainal   instabi l i ty  of  the complete raodel occurred 
remained about the sane for  both  horizontal-tail  configurations,  but  the 
msta'ble  pitching rnoments occurred  over a smaller raptge of CL and Cm v a h e s  
fo r  the drooped tail .  The contribution of both  the  plane ar?d the drouped 
t a i l  t o   t h e   s t a b i l i t y  of the model -!was essent ia l ly  t'ne same up t o  CL values 

where in s t ab i l i t y  commenced. This is better Lllcstrated in   f igure  8 where 
the   t a i l - s t ab i l i t y  parameter T is plotted  sgainst  lift coefficient  for 
the Mach nuxber range  investigated. In the  preparation  of  the data of 
figure 8 the dynamic-pressure r e t i o  at the t a i l  vas assumed t o  be 1, 

and dcI./.. of the  isolated  horizontal  tail was taken  to be 0.06. A l l  the 
quant i t ies   in  the expression of T were assumed constarrt for both  hori- 
zontal tails, except dC&/la which was determined from the  experimental 
data. The horizontal t a i l  coEtributes t o   t h e   s t c b i l f t y  of the model if 
t'ne sign of T Ts negative. 

Figure 8 show that a t  low Mach Embers t3e contribution of the 
plane t a i l  t o  the overa l l   s t ab i l i t y  of the model was destabil izing above 
CL values of 0.7. A t  the kigher Mach numbers the  plane tai l  had a stebi- 
l iz ing  effect   to   higher   values  of lift coefficient.  Note that &owing 



the t a i l  resu l ted   in   s tab i l iz ing   cont r ibu t ions   to   the   overa l l   s tab i l i ty  
throughout the range of test  conditions  investigated. Although the stabi-. 
l izing  contribution of the drooped tall was reasollably  consistent  with 
l i f t  coefficient it vas not   possible   to  overcome completely the large 
destabil izing  contribution of the wing. 

The drag  characterist ics  are shown i n  figure 9 f o r  the three con- 
f igurat ions  tes ted and the variat ion of the  drag  coefficients  with 
Mzch  number is shown i n  figure 10 Tor CL values of 0 and 0.3. Although 
the data of figure 10 are presentea  for   mtrbmed l l f t  coefficients,  it 
i s  believed tht  the  out-of-trim  drag  coefficients  presented would not 
alter  the  conclusions drawn from the  comparisons. 

A s  ind ica ted   in  figure-10, the drooped tai l  produced a s l ight   increase 
in  drag above that for  the  oasic  configuretion  for  the  entire Mach  number 
range a t  zero l i f t  and at a CL value  of 0.3, although the pressure  recovely 
on the   a f t   por t ion  of the  fuselage w a s  increased as shown by unpublished 
pressure date. The dreg  increase ray be  the result of  an  additional  inter-  
ference  effect between the drooped teil and the   ver t ica l  tai l  which could 
cause  sepezation in   the  region of the  intersectLon of the tai l  surfaces. 

Letera1  Stabi l i ty   Character is t ics  

The var ia t ion of the  force and moxent coefficients C2,  Cn, and C y  
with  sideslip and Mach nmber   for  Oo m g l e  of a t tack is presented i n  
figure 11 for   the  phne-tai l   configurat ion.  O f  significance is the  change 
of the   l inear   var ia t ion  of C z  with p at the LOT Mach numbers t o  non- 
l inear   var ia t ions a t  the high Mach numbers. Positive  dihedral effect 
occurred  for  the low m c h  numbers, whereas negative  dihedral  effect w a s  
present  for small sideslip  angles  for  the  higher Mach  number rmge. 

The derivatives Czp, Cn,, and C y  w e r e  evalmteri by taking the 

slope of the  coefficient data between 00 and 50 of s idesl ip .  The var ia t ion 
of the  derivatives  with l i f t  coefficient  for  various Mach numbers is shown 
in   f igures  12(a), (b), and (c )   for  the Eodel with the  plane tail a d  for  
the model with  the drooped tail.  The derivative C z P  remained negative 
fo r   t he  low Mach numbers but became posi t ive f o r  the  higher Mach numbers 
fo r  CL values less than 0.6. A t  the  high CL values, tended t o  be- 

come negative  for a l l  Mach numbers. A comparison of Czp obtained for the  

two t a i i  configurations  indicated that the drooped tai l  decreased  the 
values of CZ in   generai   for   values  of CL below those  of which the 

P 

czP 

P 
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pitching monent becoxes znstable. A t  higher l i f t  coefficients,   the  effect  
of the drooped ta i l  w s s  inconsistent. 

The variation of yawing moxent with  srdeslip CnP remained s table  

up t o   t h e  mximum 15ft   coeff ic ient .  However, note that a t  the  high 
CL values the derivative C a p  is rapidly apgroaching  zero at the low 

Mac:? nmibers.  Essentially, Cnp for  the  nodel wit'n eitiner  horizontal 

ta i l  w a s  constant  with CL below the  angle  of  Ettack at vhich  the lift 
coefficient  breaks.  Negative  dihedral on the horizcntal t a i l  effect ively 
ilzcreased the   ver t ica l  t a i l  area and thus  provided  an  increase of C 
throughout  the Mach nunber  and lift-coefficient  range  investigcted. 

The derivatrve Cyp whicb  remained fair ly   constant  with CL, became 

more negative with the drooped tail .  

COFiCLUSIONS 

The results of  the  longitudinzi and la te ra l   s tab i l i ty   inves t iga t ion  
of a swept-wing f igh ter  model with a Oo dihedral  horizontal t a i l  and with 
a 2A0 negative  dihedral t a i l  lndicated  the followirqg conclusions: 

2 
1. The horizontal t a i l  w i t h  negative  dinedral  decreased  the lift- 

coefficient and  pitching-moxent  range  over  vhich longi tudinal   instabi l i ty  
existed for the model with  the  horizontal t a i l  without  dihedral. 

2.  There was a stabil izing  contribution from the   hor izonta l   t a i l  
with  negative  dihedral  to  ths model s t a b i l i t y   f o r  a l l  test  conditions, 
whereas destabil izing toll-trilutions existed for the  horizontal t a i l  with- 
out dihedral at the  high lift coefficients.  

3.  A comparison of the  lateral   ch&r.zcterist ics of  the model between 
the two horizontal-tail  configurations showed the  horizontal t a i l  with 
negative  dihedral  increased  the  directional-stability'  parameter cnP 
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and s l igh t ly  decreased  the  effective  dihedral  parameter f o r  lift 

coefficients below those where the  pitching moment becomes u-n-stable. 
czP 

Langley  Aeronautics1  kboratory, 
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Figure 1.- Stability-exes  system showing positive angles, forces, and  momencs. 
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MODEL GEOMETRY 

Wing 
Airfoil  section  normal to C/4 NACA 64AOIO 
Area excludtng inlet  extenston ........ 6.63 sq f t  
Aspect ratio ........................ 3.43 
Taper ratio.. ................... .0.578 
Sweep at   C/4 .................. .40° 
Incidence.. .......................... I. 5" 

Horlzontal tail 
Area ............................ .1,13sqft 
Aspect ratio.. .................... .3.59 
Taper ratio ...................... I .O 
Sweep .............................. .40° 

Area ..................................... D.87sq f t  
Aspect  ratio ........................ I .68 
Taper  ratio ..................... ..0.402 
Sweep C/4.. .......................... 41.27" 

Vertlcal tail 

m- 

I V  

- 
P I \ 

6 24.3 

-2 I F  

-31.1 

I _I 
%$jj C = 17.2 .25E 

p-34.7 h-7- 
Fuselage  reference 

(a) Wee-view drawing of complete model. 

Figure 2. - General arrangement of model. (All dimensions are i n  inches, ) 
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b b \  Leodmg-edge  modificotlon  from 0 . 6 7 5 ~  to 7- 

( 2  times  unmodified Wing-edge rodius) 

(b ) Detai1.s of' wing Pixes and modifications. 

Figure 2. - Concluded. 
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1;-85379 
(a) Complete configuration with plane tail.  

Figure 3. - Model mounted in Langley  l6-foot transonic tunnel. 
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L-85400 (b) Yawed model with %he drocped tail. 

. Figure 3. - Concluded. 
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Figure 5.- Internal drag characteristics of complete model. 
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Figure 4.- Vmiation of mass-flow ra t io  with angle of attack. 
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(a) Plane ta i l .  (b) Drooped tail .  (c) Horizontal t a i l  off.  E 
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Figure 6.- L i f t  characteristics of model with various  horizontal-tail  configurations w 
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(a) Plane t a i l .  (b) Drooped tail. (c) Horizontal . ta i l  off. 

Figure 7.- Pitching-moment  characteristics of model f o r  various horizontal-tail  configurations. “3 
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Figure 8 .- Contribution of plane ta i l  and drooped t a i l  to stabilixy. 
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(a) Phne ta i l .  (b) Drooped t a i l .  (c)  Horizontal t a i l  o f f .  

Figure 9.- Drag characteristics of model for  various  horizontal-tail conf'igurations. 
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M 
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(a) cZp against cL. 

Figure 12.- Effect of drooped t a i l  on s t e t i c  lateral s tab i l i ty   der iva t ives .  - 
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(b) CnP egainst CL. 

Figure 12.- Continued. - 
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0 .4 .6 .8 I .o I 2 
CL 

( c  ) cyp against cL. 

Figure 12. - Concluded. - YACA - Langley FlcLd, 
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